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£ S^-fr 0 Jr^)^# A>-§-*>^ ^-§-^1 Al^efloflA^ B3H^ Al^^ 

^ JfjL5*£M #^5]^ ^J± -9M-§- 4^}^ ^7l^, Cf^oj ^a] 

OV El lufl-^«-Ei ^Al 7 ) S ^-B^Al^-S. ^OJ- -A]^ Ajjr-- ^^JT, #7] -A] Ajjrofl 

0}# 1-^Al^V ^Oj- ^A]^ Al^S. ^^CX) ^ Al^= ^>J7 ; AV 7 ] ^A] Oj-Eflul-S.^ 

^ ^ °J:3lM-iM ^fl^l cflt!- *fl\t ^-71 ^ *ls)-§- o]^ ^a] 

^ AJ-S-S.O} a7]s ^O.^. ^fl-sJ-^Jl, A>7l *1^ ^IJll- #7l 5fl 

^ Sl^iLS ^iL ^«-8- ^tj-. °1 £1 JL^ ^lol^ofl aJ-^V ^/^A|ol 

7>^§>^, *fl^ ^ HEflol^ Al^^l- igCLsi ^Jl > ^^oflA^ 7^7} A} 5. t}^ 



-E 6 

STBC, DIFFERENTIAL SPACE-TIME BLOCK CODE, QAM 
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1020030026265 



% 2003/10/7 



n^S] ^a-g- x}^- m-b) «-jrcq ^-a] ^ ^{METHOD FOR 

TRANSMITTING AND RECEIVING DIFFERENTIAL SPACE-TIME BLOCK CODE USING CHANNEL POWER AND 
THEREFOR APPARATUS} 

r 

5L 1-gr ^2fl 7l#<Hl ItHg- ^^r-Al^V ^.gJJjLJ^ A>-g-^ ^7]^ ^ o. 

^•Br M-^-H 

£ 3^ ^Hfl ^l^ofl ^-Ti-AlTi fij^lf A>-g-^ ^71^ ^-i- M-Efufl 

T 1 ^* 

.£ 6£r ^ v ^ofl T45} A>7) £ 5^ ^^171^^-Ei ^1^1- ^*Rr ^-tl7l^ ^ 
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°flM^]tfl ^*l(Eb/NoHl tfl* -a* ^lal^CSERs)^- M-h}^ 



^f<d*^ ^^Efl^ ^o.^ ; sflo^CFadingHl 2]^ 9JS]- 

(DegradationH ^-§-*>7l ^lM" ^l^H^l- A>-g-igr>^ ^ofl ^ 

4. 

^(transmit diversity)*^. *1^3<y ^aH^ 7} ^9] ^uf^ #^]7l5.Jfe1 ^^]7l 

^Efl^it ^7lS ^JEL^Kr -g-^t ^*>1- <^o.7l^ y}£J-^<5f 

^-Ti-AlTi JfJLsK space time block coding: oj^V STBCs} ^^)^ ^ # 

<5}^r 7J o. # ^ ^ nfl^ofl d ^ ol 4 ^ Tarokh ^o. c(.- 
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^ 0 J-EflM-l:l: ^-fofl ^JLtr cfoltHAlE] o)^-g- ^^0^ o. ^ oli=, 

^•^-1-^ -^(space time trellis code)* 7fl a] £}^t} . (Vahid Tarokh, Et al. "Space 

time block coding from orthogonal design," IEEE Trans, on Info.. Theory, Vol.45, pp. 
1456-1467, July 1999) ^7}*\ tfo]tHX|E) o}^°- 3\)o)t$ *fl%t<Hl 2)i% ^^s>^ 5fl^ 

<12> £ l^r #Hfl 7l#oll CCf^ ^-B^Jr# A}-g-*}^ #A]7l<^ ^ -g- ufE^ 

5^1*1 w]-^ £0] 3]/tg^ ig^-7l (Serial to Parallel Converter: S/P Converter) (10) 
S}- ^JlsM (Encoder) (20) ^ N7flsJ ^0 oruflM-lrC 30- 1,30-2, ... 30-N)S. ^sq<H ^cj-. 
<13> a o v 7 ] 5= ^ ^-^}^ t ^7) ^*7l(10)^ ±^ ^(£A]^1 &-g-)5.«- 

Ei <^£)tt N7fl^j ^ Aj^-s.^. ^^a} AV 7 ) JjL^j^ (20)5. 

*H^tr4. ^71 -^-^S)-7l(20)^ N7HS] 7MH ^ 7fl><^ 2^1;-§: 

Sfl^Hr ^l^^-l- -§-°J ^-71 N7fl^ ^a] o>Efli4l-(30-l,30-2 ... 30-N)S ^^tj.. A o v 7l 
^m^Tit- 2fZf^ ^#^71 (symbol duration)* M-Ef^cf. 

<14> 47fl^ ^A] ol-EflM-S-ol A}-g-£^ 7$°-, >£ 7 | ^5|.7l(20)S.^-Ei #^5]^ ^*l"^r 

7]9] <^*\*\ l>n\- ^ 4*4^ ^(encoding matrix)^. H-E^ ^ oicf. 

<15> 



S 44 

i] 



<16> <^ 7 ]A^ Si,S 2 ,S3,S 4 ^ ^^l-Jl^r ^)o]B\ Al^ojt}.. ^ ^l^HWH^ ^ <g ^ 

0 J-^m* #*fl *f ^ Aj^ol ^^51 Cf. 4 7flS] Al^Til- ^of 

^sl°l, #7l 47flsl Al^Til-^ *>u^ *^Al^(block duration)^ 
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T^-i- M-^l-VB 51*ltr £0] M 7fl^ ^a] oVEfli4#(40-l,40-2, ... 40-M)*r sfl 

^ ^^7l (Channel Est imator)(50)^- tp&^ ^1- ^r^7l(60)^- 4 3L7) (Decoder) (70)5. 

<18> s£ 7 ] 5= 2 # %l-S*>^, #71 ^ ^71(50)^ «?rEflM-#(30-l tfl^l 30-4)sL^Ei 

^a] o]-^q-^(40-l vfl^l 40-M)sL^ *fl\| ol^-s.^ M-B}^^ *fl^ channel 
coefficients)* ^8*}^, -*M ^71(60)tt ^7] ^a] <?rEfli4*(40-l ifl*l 

40-MH1 jqsfl ^€ ^3*H ^#71(70)5 afl^tr^-. #7l ^#71(70)^ #7l 

*r4I ^-7) ^ 3l^r#* ^tr ^(hypotheses) 7\*)jl 

ML (Maximum Likelihood) 4^°fl ^*fl ^rfe- 

<19> Aj. 7 ) ^Ai7lofl*|^ §>7l^ <^*VAi 2 >sq- £o] 5.^€^r. 

<20> [^«vai 2 ] '•/-2>^«-- - 

<2i> o}7H t fe ^-(symbol duration) <y^o}D} ( t =0, 1, . . . ) , h ; ^ ^ <£t]M 

d\]X) ^*\7}g_o) ^ t+Ej-iflfe ^i^, Jg^ 3flo]ig(fi at fading) «HM ^ 

# 0.5^1 ^(variance)* 7>*lfe ^ 4i 7H-A] oj. oj^ ^(independent complex 
gaussian random variable)^] 7 A^-^- tr4. s t>i ^ t<d*l| ^ ^><H1 *| ^a] oV^l}-^. 

M^tt ^-M: M-eHU, t*I*I| ^-ivM^HH^I ^o.^ 4^ ^(complex 
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10Z0030026265 <£t\: 2003/10/7 

dimension) # l/SNR(Signal to Noise Ratio)^ 7>x]^ 4i 7>^-a1 

^}(zero mean complex gauss i an) ^--^^r 7}^lc}. 
<22> ^a1a1«H1 a}-§-e^ ^jl-l-o] PSKCPhase Shift Keying) ^l-*^ , ^-i-l-gr ^ 

^(constellation)^ ^^(unit circle) s}t}. av 7 ] ^s-o) 37 j 

(Amplitude^ S.^- ^HtH^. na)^ 41 -M- 3 ML 7>^*> ^m. 

•1- # ^ 41 Jl r^ *fl\t o]=. h o] ^ ^(linear combination)^ 7K V 7}^}^ 41 -M-* 

<23> ^-o] STBC# 4s^>7l ojs-s-ofl tfl*V ^^.7> ^-S.5>cf. 

^ ^M^Kr STBC2] a^o] AjZ^Tfl ^7]4H *flv^l tfl 

tr Jl4^^ M*rH*{- ^r>7l fl«IHSr ^7)0^ e^o^ a] ^(training 

sequence)!- ^l^SH 6 * sf^^l , ^ Jli§-§- iMiEs^l sicf 

<24> oje^V 5fl^>7l ^fl^^ ^117}- ^(Differential) STBC 

7> 7fl^-sl5ic}.(H. Jafarkhani, Vahid Tarokh, "Multiple Transmit antenna differential 
Detection from generalized orthogonal designs," IEEE Trans, on Info.. Theory, Vol. 47, 
pp. 2626-2631, Sep. 2001) 

<25> £ 3^ ^5fl 7}^o\) u}S- ^#-A|7> ^>-§-^m M-E^vfl 

•i:^£sLA^| , t)}2f £o) 3]/^^ ^^7l(105)2f ^7l#(110-l, ... 110-K)^- 

(115)2}- ^1^7l(120)2f J: 5}- 71(125) ^ K7fl^| ^ °V^li4#( 130-1, 130-2, ... 130-K)S. ^ 



35-8 



10^( 



1020030026265 2003/10/7 

<26> ^7} £ 3# #2:S>^, #71 ^/^ ^7l(105)fe #7l *1 <2 7l ( 120 HI ^l^fl ^<g^ °] 

3 ^1" 1-^ Sv« ^1 K7flSl o]^ Aj-S-S. ^ 1( Sv r1 . ^^*V4. # 7 j 

^7l#( 110-1 ifl^l 110-K)£ K7flS] ^^.S-ofl ^^j7^> ^M. ^« 

Pv+1.1. ••• Pv+1,K» ^ ^^-71(115)^ #7] ^^7ll-( 110-1 ifl*l 110-K)2l #^ >y 

£^-*H cf-g- ^J£ 43 114 ^fl€ 4 s 91^ ^7) ^1^71(120)^ ^SRr ^ # 
7l ^51-71(125)5. # 7 j ^5)-7l(125)^ ^-71 §^7ll-(110-l ifl*l 110-K)Sl # 

3 7}7ln ^ 71] ^S] *fl#*Rr ^H^l" ^ ^71 o> El ] 

M-^C 130- 1,130-2 ... 130-N)S 

<27> tf 7 ] K=4 o] ^ o. # ofl^. ^O] tf 7 ] ^X\7}°) ^*j-ofl tflsfl ^^}7]S. S^ofl #7] 

#^]7l^ ^J±» 7>7l^j #±=. ol^o} ^ Si = [Si.i ~ Si ;4 ]» ^"71 -*M>S|- ^|o(| 4 

°lT" ^71 ^^]7l^ S v = [s v ,l ~ S V(4 ] « A o V 7l -^-315}- ^1<H1 ^ 

34^-. v+i *1*HI ^^>j7^ ^ ^ Py+1 = (Pv+l 2 p v+14 )oi <g^s|^, *} 

* S v+ i^ *>7l5l <^*H 3>^ ^-o] ^Sfl^tf. 

<28> _ ^ 

[^i§vm 3] ^'"il^'^ 5 ^ 

<29> ^, v+1 *1?HH ^^^>J17> ^ ^#1-^ v AlTVofl ^M. M.^ 

BPSK(Binary Phase Shift KeyingHl Sl«fl ^oltf. tflsfl s£ 7 ] j=l 

S5|-7l(125)^Bl 47^ ^31-Al7> s-oj- f^S]i=. A] ^- ^^1-^ <s}7} °) <^*\ 4>Q ^ . 

<30> [^r*}--^ 4] ^i(^)=(^,^, 2 .^,3^v.4) 7 

<31> ^2(^v)=(^v.2»^v.l^v.4,-*V.3) 7 

35-9 



1020030026265 #^ <£x}: 2003/10/7 

^ ^3( 1 ^v) = (- S, v,3'~* i 'v,4>~' y v,l>' y v,2) 

^ ^4('^v) = (' y v,4>' S, v,3»"' i v,2»~' S 'v,l) 

<34> o}7H T-^r #*1 M-Hf^cf. 

i4e}sH Ir^SS^, £^1*1 ^-o] M7flS] ^a] olEflM-l-dsO-l.lSO^, ... 150-M)2f 

^1^7H-(155-1, ... 155-K)^- ^-^71 #(160-1, ... 160-K)-4 ai^. ^^ 7 ) (165 )^ ^#71(170) 

<36> a o v 7 ] £ 4# #7) ^^7ll;(155-l vfl^l 155-K)^r °]$.<t] & ^ 

*1<S^1?1 #7l §^71-1.(160-1 ifl*l 160-K)S #^*lcf. #7l All- ^71(165)^7 
^l^li4l-(130-l ^*1 130-K)S^-Ei ^a] o>Efl ^--1.(150-1 150-M)S & 

^ ^ 4lJL» #7] §^71-1- (160-1 ufl^l 1604OS. l^W. -tf^l §^7|1;(160-1 tfl 

*1 160-K)-^ #71 ^A] A]^o]] #7] Q ]£ ^A] A]^^ -g^Oc] AljT^ ^^ZL, AJ-7] ^ 

^ *1^ ^1^1- #71 ^#7l(170)S ^1^*1"^-. #71 ^#71(170)^ #71 a1$ a]^1- 7\*]JL 

<37> #7] ^A] 7 ]^ A^^j o^H, A o V 7l <^-S}-Al 1>o1 l lJ-,=Lu£ ^A| AlJ:^. 4-o| 

l-^H^l-oll ^ ^#*>^ ^>7lSl <^*j-Al 5>3 i). ^-xi). 

<39> c^ 7 )A-l t fe #1-^17J- ^AioIji, y^r l^l^V <?]^^ , 4 7 fl^ «£XJ olElluj-S.^- A> 

-g-*}^r STBC^l ^ ^-^AlTj-O. 47 flo} Al^-AlTj-ilS. ol^ol^lcl-. ^v.^ y ^ 
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^ 2003/10/7 



<40> 



<41> 



<42> 



<43> 



<44> <^ 



<45> 



<46> 



<47> 



<48> 



<49> 



" S '*' -4 * ~ V v. 3 => - ' V 



A <M ^A] A] Jl ^ R ^ ^ Aj^O. 3#*>7] ^c5r}<*) A}-g-^uf. <*) 7 H 

*ti^ ^"S** *8^.$) ^Bfl^ u}E}\H 53 Aj- 7 ] <>^Al 6> o 1 ] o]*fl ^ 7 ]o) <^Va] 8> ^- 



<50> 



^1 ^2 h 3 h A 
^3 ^4 -^1 "^2 



h + *»2 



<51> 



ZlEi^ V A]^>0] ^A] A) Jr^ v+ l A^O] 



^ ^ ^71^1 <^ 
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<52> ^{R^^T} =R{S T ^JI x H"^V n iS j T ^"+iv„ } 

[^*vai 9] -tlM^^t^} 

<53> o^ 7l ^ R{ } o. ^ o^^^jt ( JH^ ^ ^^-(Hermitian transpose)^: M-Ef^fl 

^f. #7l <^*V^ 9>^r n«i^ P v+ l,n* ^ ^ Ajjr^- ^Ef^ ^ojcf. 

ojji ^ofl c^V ^iL^ 5Ui=K #7l ^H^irl: *}^S>] ^o_jg_ ^ 4^ 

^(Hyper sphere) A oHl^ , #7] ^iL>y -M-sl ^A^-JfE^ 7\^7\ ^-f , ^a] 

71^ ^ s.^^ H-^fe M as^gi^ ^iL^ Pv+11 - p v+1>4 ^- ^ ojcf. 

<55> Aj- 7 ^ Al^Efl^A^ *fl^ SLELci£}5L 4lf ^ ol 0_uf > A>-g-£] 

A J##°1 371 7} ^isY ^ M^o]o]o] F *lcf. n)-sH ^ STBC 7]#oll^^ *d*£l^r ^ 
BPSK ^1 t^jl 91^. BPSK cfl^s-xg- lWlBSj ^-i- 

^^•ttcf.dbit/hz/sec) ^eUfl ^ 7fl^ ^ PSK ^ ^ oj e-| # ^ 

*rfe 3°1 7pg^>T}. a\)M. s.<^ 47 fl^ 27fl^ Zj-Zj- 16PSK ^2: tfl o] ^ ^o. + 

&Cf. o}S± go] 2 7fl^ ^j#l-ol 16PSK £2 31 °1 Ei # #^r^ ^-f 4711^1 Al^^-s. ^o> 
27fl^ 16PSK ^ 1-1-^1 ^SlJELS, ^ 2«1H^ ^iLl- £«>^- ^ oiTll 

^.(2bit/hz/sec) 

^"^^1 Qo] m-^1- QAMCQuadrature Amplitude Modulation)-^ M-*> PSK°fl ^IJ: 

tfl ^"^-yUSignal to Noise Ratio: SNR) Jl-§:3 0 14. a> 7 ]^. ^ 7 )^o\] 4^. 

STBC Al^efloil^^ 2«1B ^it £#*Hr PSK7 > Af-g^ot *Vuf. n). 

QAM SI A}-g-ofl rc^ ^ ^Aj-o. ^.g. - oj^- ^^ll^ol oio^d-. ^^l^c] 41» l-ol, 



<56> 
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64QAM tfl^l^l 64PSK1- A>-g-^>^ ^-f SNR£| 9.95dB°fl ^:*H Jf^f-^i A]^Eflo)l^ 

^l^^*?! ^^5. 



<58> ^A} ^Efluf ufo^A]^ v| o] ^gj. ^ j^. £6fl 

<59> ^X\d\]±r, -^a^a] a^eAo^ ^Tj-AjTj- ^-^ ^ofl ^ ^ ^_ 

<60> *V ^ Aj-g-S-g. <a^«Hr 4^4, 

<61> A^j ^ii *V ^ Al^.^ §<^, ^71 x^S} ^ 

# 37] s. ^n*]^ ^fl-sj- q-¥<H ^fl-sHei ^*Hr sH3*h 

<63> ^ ^ ^Aja)]^ ^-AjJg-A] Aj^Eflofl^ ^ ^~^R> ^-5} ^ofl o) ^ «. 
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<64> cf^o] ^A] o]- Efll 4#^«Ei ^7lS *>l4^ l-^XI^l- ^o_V ^Ajsl Ajjr» 

<65> A o V 7] ^A] Al^ofl #^^^> ^€ 4lJL» "g-^H *1« T^Rr 4*<34 

<67> ^ A}^ AJ-7] ^fl-^ ^ ^Pf^ 43* 3. 



^ ^ ^] 

^3 Axil- ff^Tll *1 ^ 5ti4:n ^s)^ ^-M^r ZL ^ 
4, £-§-4^ o]£ s - ^ ^ofl 14s}- ^ ZLEiJELS. ^ a. 



^3^r I^H^r ^A] Cfol^AlBl Al^Eflofl^ ^ ^-Aj^- ^ JjLJr 

(differential Space-Time Block Code)-!- ^-S^M &<>H ^^-i- °l-§-^°-5. 

<£i*fl H3H^ Aj^A,^- ^1 o>_od} ^4 ^-^^1 ^IJlcfl ^J-i-wKSNR)^ ^ 

^-Sr ^lfiBCpartially coherent) ^l}-*}?} ^ ^S. » 0 >^# ^^*];C}-. 
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4*>€ SW^l ^ ^ (hyper sphere) #°1H o.S-?-E^ 7^71- aJs cf = 
#1-1-8: t ^4. 

<70> £ 5 TT 45T *M" ^"^RV A}-g-^ ^A]7l^ M-^^fl 

£Al*V H >af ^-o] aj/ig^ ^«-7l(205)5q- ^^7H-(210-1, ... 210-K)-4 ^^-7) 
(215)^f 7l<3 71(220) £4 ^fl-sM (225)5+ -¥-5:^-71(230) ^ KT-flSl ^a] 31 1+^(235- 1,235-2, 
... 235-K)sL ^S\o] SX^. 
<7i> Aj-7] t= 5- #^f>}# t % 7 ] z)/y%% ^^71(205)^ #7l ^1^7l(220)ofl o] 

# S v # Al^S. S v>1 , ... S V , K » #71 ^7l 
§(210-1 ifl^l 210"K)£r #71 M<21 oj^ Aj-S-S-ofl Aj*fl ^^^>J17> ^ ^li #« P v+ljl , 
••• Pv+l.K* #*H. A cM ^^-71(215)^ #71 #^7l*(210-l vfl^l 210-K)^ #^ ^1" 
« TJ^H 4^- ^l-#2r *r SflSU* #71 ^1^71(120)5. ^fsfe #7l 

^TT 3^-71(225)5. ^7lA-l Aj- 7 } ^^-7l(215)fe #7l ^Ji ^#^-ol ^ 7 fl^ ZLf- 

# *W PSK QAM ^ rllolE^l- #^l~b Tio-d)) A}-g-£)^ ^em^o.^ i^-sl^ 

<72> Aj-71 ^frSr7l(225)^ #71 ^«^1 ol^ A].g- ^.^^j H7] o^ ^ l/ISvl ^ 

*fl*l^r ^fl-sl- #71 «-Ji2l.7l(230)^ #71 A]2 ^^2}-7l(225)^ 7H2 

^*ti*l ^a] ej^^i tcfe}- ^ 7 fl^sl S^-i- ^#^1-^ 31^}^ AlTV^p-Ti-i- ^ 

#71 ^# <W~rl:(235-l ^*1 235-N)S. #^4. 

<73> 47 ]| cq ^A] ol-Eim-irall- # 7 ] <^*)-Al 1>S J ^o. ^ ^ ^Aj^o] Jg^ 

"i: -M^^r7l5 *Vcf. S^cfl #7l 3^1 7^ ^if 7>^7l ojo^ ^ m.^ Si = [si i 



~ s 
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i, 4 ]» -*7] ^fJLsf <81ofl r^sf ^^*Vcf. v+1 Al^-ofl ^^^j7^ ^ 431-1: P vn = 

[Pv+i,i ■•• Pv+i,4]°l ^3=1^, ^ ^1- Sv+i^- *>?13 <^*H 10>^ ^-nf. 
<74> a ^C-s v ) 

<75> ^ >gji ^1-1-^ O]^ Al^Vofl ^ ^ V k (S v )4 ^Sfl^ * ^fl-^ ^EfljL £ 

^7^ v «i^ k ^^| ^Aj^ofl Aj^ V k (S v )^r *>7]^ <^ 

<?6> [^«VXj ^l(5'v)=(*v.l^v.2^v. 3 ^v,4) 7 
<77> ' / 2('^'v) = (- s v.2»"- S 'v,l.- y v.4'-- s 'v.3) 7 
<?8> ^,(^v)=^v.3 .^v.4.-^v.,.*v.2) 7 

<so> ^7loflAi 431- o]^ Aj-g. H7] | Sv |iiL ^s^rRr ^ ^ ^1" 

^* Ir^SS.^, ti>fif ^-ol M 7fl^1 ^a] ^Eflufs. (305-1 ,305-2, ... 305-M)^ 

^1^71 #(310-1, ... 310-K)3f ^7ll-(315-l, ... 315-K)4 a]^ ^71(320)^ ^^lf 
(dividers)(325-l, ... 325-K)^ ^ ^7](Power Est imator )(330)^ ^ (335)^ ^# 
7l (340)5. 
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<82> a o v 7 i £ %v 2 .^ j a o v 7 ] 711- (310-1 ifl^l 310-K)^- 1^*1 ?J ^ 

4l€ A JIt A o v 7l ^-^7ll-(315-l ifl*l 315-K)S. t^tbt}. #7) ^1- ^^7] (320)^ 

K7fl^ ^a] c]-Efluj-s.(235-l ifl*] 235-K)S.^-E^ #7l ^ °23M#(305-1 vfl^l 305-M)3. «m 
3 ^€ A o v 7l -^71!- (315-1 tfl*] 315-K)S #^*Vcf. <^7H 

^ K7fl^ ^IrAlTilrS o] =.^^ic}. # 7 j #^7l*(315-l vfl*] 315-K)^ #7l ^ <0 

3L<*I) ^71 O]^ ^A] ^ <fr . 

<83> ^ Aj- 7 ] ^71(330)^ ^7] ^ 7>^J1 aJ- 7 ] K7fl o] ^a] ^]u)-S. 

(235-1 ifl*l 235-K)3.-»M ^7] ^ <&n^&( 305-1 305-M)^£] *fl^ ^§ zfzj-g. uf 
E}^^ *ti^ ^Kr o>q^ ^)o} ^ o. ^L^-cf. ZLE^ ^-71 ^fl-sl- 

71(335)^ ^"71 *fli£ ^ofl o]^ ^a] H71S. ^sfl^l^ ^frSf 3M: , #7l ^ 

^7l#(325-l tfl^l 325-K)^r ^Jl# ^fl-SHS « ^ o_s. upf<H 

^71 ^#71(340)^ <$7] *jiL ^-t-i- 7>^lJl Sfi^Hfr ^^^Hl 

<84> £o] ^A] 7 )^ ^ 7 ^]J7 ^A] Al^^JjLE^ * fl Vg JL^ofl O)^. 

<£*\]s. ^m^s.^ ^*\7}s.°] *m ^n^r *\7}$>\ <^n^ i2><4 ^ s«t 

<85> [^*Va1 12 ] h l h\+h 2 hl+...h K h' K 

^ 7>-?-a]o> ojo] ^^(Independent complex gaussian random variable) 0 ! 7} nfl^-ofl Aj- 7 ) 
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?m-£r *}-fr-.E (degree of freedom)7> 7 r °l £-^(Chi Square distribution) 

«- 2^ # 7 1 ^ ^7K330)tt ^>7l^ <^^|-^ 13>32|- ^-o] ^A] Ajjgro) ^ 7 |^ 

^Kauto correlation)^- -f-Sfl ^ 5U^. 

<88> oj-^ oi^-tr v^r oj^^olji ife ^a] of^u} ol^^o]a^ > rv+1> . 

V+l^^(| #3M*HM iwl^S. SHtVcf. 4^7HS hi^r i«i^fl ^ 91^} 

<89> cfs. 30. ^ofl <^ ^7] ^(empirical auto correlation)^ ^sfl, *ll\t *I^£r 

7]°\ <^n+) 14>-g- ol-g-^c^ ^fl^cf. 

<90> - ! ^ 4 . 

14] ^ ^-2--' 

<91> o^H L£r *B*£ ^>-§-£]^ 7fl^, ^ ^l-Al^l-o) ^o]^ ufE}^ 

^ ^ASAi, A>7l <^*}-Al 1 4> ^ ^-7] <^*>A1 1 3> H|-^ Tg-e) % #^ol o>v1 ^ ^1-^1^> 

<92> v+1 A^O] ^ Aj^-S. p v+1 x _ p y+1 4 - vAl^HlA^ ^Al y+lAl^Hl^^ -A] 

uj-EHM^H. o]^ Aj-7] ai^. ^^71(320)^11 ^1*11 7>^1- Ajjr S^-fr^ ^ 
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<93> ^ ^-M-i: ^#s>7l ^^H, ^^7ll;(315-l 315-K)£r #7l *1 £ 7llr(310-l xfl 

*1 310-K)S.-^-B^ afl^ o^o} ^A] Aljro^ a o V 7 ) Al^- (320)5.^- ^*fl ^ Ajjr 

1- *i ai^i- av 7 ] ^ ai^- ^ 7 i^ <^^-ai i 5> ^ ^-oi a^sicf. 



<94> 



<95> <^ 7 H R{.}^. aj^ o^dI^ji (.)H^ f^H^KHermitian) ^*l<a#-§- ^E^cf. 

#7l 15>^ n«l^ ^SL 431- P v+ i,n* ^*> 7 1 ^ *1* -tl^ll- ^14. 

<96> #7l ^ ^ ^S^l ^-§-*>7l iflSfl A>-§-5} ^fl-sj- & , o) ^ ^A] A] J: 

^ 7>7l #^4 ^^o^ 4^*1* °l-§-*}7il4 o]^ ^A] Ajjr ol-g-SH ^sfl^lcf. 

^A] AlJrO} ^|. 7 ] AJ-^. ^O. <^^A1 16>J2) . ^ 

<97> 4 4 

[^ai 16] «{^}=ci;^i 2 )Ci:K,i 2 )^<-„> 

<98> ^, AJ-7] ^fl-s). ^o. Ao V 7] <^*t-Al 16> ^. Aj- 7l ^ upf^ 

^?]cf. #7l ^ff-s}-7l(335)^ #7l sfl^ a o v 71 ^ ^fl- 

^ ^^-i: #71 ^711- (325-1 xfl^l 325-K)^- #7l <^*H 15>^- ^1 S 

#71 ^7}!-(315-l vfl^l 315-K)S1 #71 ^SHS ^ ^ 

i Pv+1,1^" #71 ^#71(340)^ #71 7}*l5I *fl^>^ ^3: 

<99> o) #4 ^ i£tg o. ^ Aj^-^ol ^^o.^«-E^ 7l^ 7 }. cj- = ^-f^l£ -g-ol 

Sj-Tll xi^f. <^11- 1"^ , Pi ~ P 4 # -f-^fl 27fl5l QAM dl ol Ei 7> ^Sl&tfig #71 

^#71(340)^ 27flsl QAM 4371 -i-S ^S1<>1 #71 27fl2l QAM ^}o)B\% 7}x)Jl ^M. ^1 
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€it Q ]&t QAM* A>-g-*>7ll 3^ PSK» a>-§-^ ^.fofl til^H SNR^ 



°HM^)cfl ^"-s-wKbit energy to noise: Eb/NoH ^ ^-t <H] Symbol Error Rates: 

SERs)* M-^^ ^ojtq-. y]^ 410 ^- ^^-^ cl^ olAV^o] ^ C.O) 

M-Er^ %^2 ^Jll- 420 450^r #0] 100 , 50, 25, 10<*1 ^-fofl ^ 

^ *ti^ ol-g-*V ^ojcf. £A]$ t.}<4 ^-o] L o^ ^o]7l- ^g-*V 

<101> Tg-rgofl ^TT-lr ^*>7l ^*fl, 47flSl ^iL ^#1: # PlPsI: l7l]S] 16PSK 

*$2 cflo]E^l- ^^Sj-ZL, P 3l P 4 # %<>\ l7fl<2] 16PSK >£2 t-fl ol b] » *l^Kr ^^-(°1*> 
*fll ^-f^r ^ofl 4^- 16QAM ^2: HH^-fr ^<5Kr ^M^r *\}2 ^-)» 

tilings, tl-cf. ^7]ofl^^ ylJ2^ £SS>7l ^*fl ^r^ofl rcfe)- *])^ ^-g- ^ 

^*Hr B3H^ ^r-g-^M <^«M 14>* ^--g-l^cf. 

<i02> £ 8^ ^efl 7}^o\) ^ ^fli ^ ^x$o\) rrj-s ^ 2 ^-f , a]H ^M^tfl *J>g-tij 

(Eb/NoHl cfl^l: ^1- Hlmtr 3H^. #2 #3: 560^r ^ <£b^ 

fe- ^-f ^^°fl t4ef 16QAM >£2 HH^* ^°-2) ^o]jl, #2: 550£- 

^£ ^ *>-g-SH 16QAM c-HojE^ 4^*f^ ^-^^1 ^¥°1J1 ( SiS 540 

^ #efl 7l^oj] 4= STBCl- a>-§-*H 16PSK ^2 c-flo]Ei^- ^^-$] ^^ojzL, 
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%3i *HJl. 530-& « ^1^-1: *>-§-*M 64QAM £2 31 °1 El 1- 4JL*Kfr 

^^ojji, %^ w}Jr 520-gr ^ *i^-g- A>-g-sH 64QAM ^2: tfMBl* 4«Kr ^^r 

2\ *3is-°}JL %Sl «1Jl 510£r ^2fl 7l#ofl 4^- *>■§■ STBC1- A}-g-£}a} 64PSK ^2: HH^S 4 
JlSRt H-^HS 
<ios> £ a!*V tifsj- Tj-o) %-<£ifr aj^- oflfr|#(SERHH 6.2dBS] ^ ol-E-g- <*,g- ^ 

9X^, °l^r 431- iH^oll 6.2dB£) ^-8: ^ s]*! 

4. 



<?HH 9Jo]^l ifloflAi 7 }^1 ^^o] 7}^-^ HZ\H.sL 

^*HH1 ^tVSl^l ^rO.^, -^5]^ B-S]^o} ^o^^oj 0>U]S}. ol Jf-*]^ 

^ ^^sf $^tb ^#^1 fVcf. 



^ t^^r, -H^r ^l<>l^ofl #tKrobust) ^-/^o) 7^^, *flv| <f\ifr eeflo] 
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i] 

^.^o] ^ 43!-!-g- <S^«Hr 

* 3L7l^ 3*fl*l*r ^fl-Sj- #o_5. i-pr<>| ^fl-sHS ^*Hr 4^4, 



2] 

*H 1 *<H Si^H, AV 7 ] ^^-s}-^ ^31-1:^ ^*Va1j4 ^-o] ^Aj£}^ ^ 
<5>^ -S-71 » 0 >^ . 

<^7lA^ Sv+i^r V+l«}*« 1^*1 ?HM Aj^. M-^ojjl, Sv TT V^^fl Ir^l^H 

Ir^U, P v+ i,k^ v+l«i^ 1:^1 k «i^5. 33 Ji K^r 

^"71 ^Ji ^-£#3} 7fl^olj7 ( f*Wi=. Aj^. ^ Sv^l^ k^flS ^^51^ ^ . 
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3] 

£r ^"71 ^ . 

l^vl=\/l^v.,| 2 + K.2| 2 +l^.3| 2 +kv.4| 2 

A i [s V) i, S v ,2. S v> 3, S v> 4]5- T 1 ^^ • 
4] 

1 %H] 5fl°H. #7l ^ Ji 1-1-8: ^^r^lJl, ^ 7fl^ #H psk 5E^r QAM cflo] 
E]» £#SHr 531: ^ ^-71 « C V^. 

5] 
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3* ^TT ^"71 h o V^. 

6] 

A o V 7l «^ . 

P v+l n ^ ^*fl l:^Al^(v+l)^ n^^fl 3J± , R{ . ^ £^§- ^n]§> 

-31 *~»4 ^Co. ^zj. ^7fl(v+l)^- °l*i(v) l-^^l^- ^a] Al^ n «l^ ^1-^: 

^}7] 3]n ^£ ^ai a| j3L ^^-i-olji, (.)H^ ^nlAloV(Hermitian) ^l^* M-Bfiflja 

7] 

^ ^7} . 
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1*3 ^ 8] 

1 ^ 4 

_/=i /= i v-+-y-^ ./ ./ 

r v +i,i^ v+i«i*1) i«i*fl ^^1^ ^Jl-I- M-Bj-iflji, <*~^ 



|SJ=VKJ 2 +K.2l 2+ K. 3 l 2 +K.4l 2 

3H#ofl^ ^Al^ "e" #^*-SL*1 [ Sv l) s v>2> s v 3) s v 4 ] S ^3g. 
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[3^8" 10] 

A 6 *ofl Si^H, A o v 7l 3^s* o]^[ ^Al Aljro} a o v^. ^ ^. 7l 

^ ^^^.S. upf-<H #|^L3*) ^sfl^l^ ^J-fr ^-2.5. ^7] 

Hi 

ISJtt #7] 3t*3J" ^olJl, ol^i( v ) -Ajs} Al^g. fgjO^ [ Sv li Sy 2> 

s Vt3> s v , 4 ]S. ^s]ZL, R{.}£- ^ SM*Kll o]^( v ) ^a] a]s= n «l 

*fl ^iL -9 Mr ^^>7) ^*fl ^ai Aljr S^-s-oIjl, (.)H^ SHA]o]-(Hermitian) 

12] 

A 6 SZ^a^ Aj- 7 ] ^ Aj^-s.^. aJ^oIji, ^ 7 fl^ PSK SE^r QAM 

£i» £#SRr ^J-i- ^ #7] 

13] 

^A^A] Aj^EfloflAi ^ ^ TV- A] TV ^ « Jrofl ^ 7$ ^ ^S.^}^ ^A] 

Cf0l^A]^# ^Hr<>] ^A] oVEflM-S-^- J§-f% ^t}^ &*\7}*\] $X°]X\,. 
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^"71 o]^ ^#1-^- *g ^ £**Rr ^j/^H ^«r7lsq-, 

^- 7 | tg^ o]^ ^ ^^Hr #^7l 

^-7) ^71 =L^°) ^71 ^ 3715. ^fl^ 

#3*Hr ^^21-71^, 

^-71 ^fl-s^ ^l-l-o] zj- ojEflq-sq- zj- Aizl^7_HiAi ^sq^jL a o v 71 ^fl-^ 

a] oVEflM-l:^ f-«fl ^I^tt ^S^7ll- 5L^-*Hfr ^ s}^ Aj- 7 ] ^7}. 

[*j^%V 14] 

13 1H1 ^7l 3t^€ *>7l^ ^-o] a^s}^ ^ m^l 

*}^r A oM ^7l. 

<^7H S v+ i^r V+l«i^ 4^RMH A J1" #^^ZL, S v ^r V«i^fl A] #ofl 

A J4 l^l^, P v+ i,k^ V+l«i*n 1^*1 ?HM k«i^flS ^-ir°M, K^r 

^71 ^^2) 7fl^olj7 ( ^(SJ^ ^m. M.^ Sy0llAi k K)^si Sf-oj 

[^n 1 ^ 15] 

13 *oHl 5H°H, ^71 ^fl"^- sr>7)^ Z>ol ^tsfl^ ^ ^lO S ^ 

^ ^71 ^Aj7l. 
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l^vl=\/kv.l| 2 + K2| 2 + kv.3| 2 + ^v.4| 2 

<^7H |Svl^ ^-71 o)Q ^o] JLi Sv ^ 1:^*1 *HM ^ t 5 -iAS 

^ [s v> i, s v> 2, s v ,3. s Vi 4]S. n 1 ^^. 

16] 

*11 13 %H1 SU^i, ^-71 ^Ir-i-^ -M^^Jl, ^ 7fl^ ^ PSK 5E^r QAM cflo] 

3» -gr^l-^ ^HJiLJL ^ #71 ^71. 

17] 

41*}^ ^7lofl 5a<>H, 

Ol;£ ^0> ^A]SJ Al^S. ^O^] ^O^j O.^, 

71^-, 

A o V 7] ^ AlS^] A oM o]^ ^A] AjJll- ^15.* #^*Hr §^7l Zlf-Sf , 

A o V 7l ^ ^1 Si" 7>^J1 Cf^S} ^A] «J:Eflu|-i- S «-Ei ^AjylS.o) ^ofl cfl *V *fl 

35-28 



1020030026265 #^ 2003/10/7 

A o V 7l # 7 j ;§fl.5Mel *fl^ o.s. M-¥^ 

^•71 >91"§~g: 7}*)JL Aj^^l- 4^ar>^ ^#7]» i^Hr 3* 

18] 

^"71 ^A]7l. 

°171>H Pv+l,n^r ^*fl 1-^^l^Hv+l)^ ^J± R{ . ^ Sj- 

[^^*o> 19] 

r>B =Zr {>%. 1. 1., } ""v.. 
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[^t 1 * 20] 

^ 1 ^ 4 

J= 1 / = 1 ^-/-^^ 

r v+1)i ^ V+l«i^ Aj^l^-ofl -A] 51 Ajjr^- Uj-Ef^ZL, 



21] 

I^vl=\/kv,,| 2 + kv,2| 2 + kv.3| 2 + kv.4| 2 

°}7H |Svl^ °l^(v+l) ^A]*V Al^-S-o] 37 ) S ^sfl*]^ ^S)- ^olJ7, S v ^ °] ^ M. 
^4J3 ^1" [s Vflf Sv>2> S V>3 , S V)4 ]5. 
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22] 

^1 18 *oH] 91°!*], A <M ^ ^ ^SL^l ^>7l ^ #7l 



i^T-ty 23] 

tt ^7) ^A]7). 

|Svl^ -8-71 ^Sj- S v ^ ol^( v ) ^A]^ ^ [ SVil> Sy2> 

s v>3 , s v>4 ]5. tM^ji, R{.}-£- ^ u] ^> j7 ol^( v ) +X\ 7HH n«l 



24] 

18 %H1 #7l 4Jl-#^ ^°U, 7fl^ #H PSK QAM 

3* £^Rt 3# ^7l ^A]7l. 
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